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Patients with HER2-positive breast cancer are more likely to develop metastases compared with HER2-negative breast cancer patients, and anti-HER2 agents such as trastuzumab in combination with chemotherapy are often a preferred first-line therapeutic option for these patients. 6, 12 Hormone receptors such as estrogen receptor (ER) and progesterone receptor (PR) also regulate breast tumor cell proliferation and are usually considered prognostic predictors of endocrine treatment. 13 Initially, an inverse association was noted between HER2 positivity and hormonal receptors expression, but subsequently it was proved that up to 50% of the patients with HER2-positive tumors are also HR positive, 14 although HR was expressed at lower levels compared with HER2-/HR+ tumors. 15 It was thought that anti-HER2 agents were effective in patients with HER2-positive disease, irrespective of the HR status. 16 However, recent data have suggested that HER2+/HR+ and HER2+/HR-tumors are two different subtypes, with different prognoses in the absence of HER2 blockade therapy. [17] [18] [19] Data from neoadjuvant and adjuvant settings also indicate that HR-positive and HR-negative tumors among HER2-positive breast cancer patients exhibit different response rates to treatment 20 and relapse patterns. 21, 22 A large retrospective analysis showed that HER2-positive tumors with HR-negative expression exhibited greater lymphocytic infiltration, and higher HER2 intensity. 23, 24 Another study revealed that HER2 heterogeneity affected trastuzumab responses and survival in patients with HER2-positive metastatic breast cancer (MBC). 25 Assessment of HR status helps to direct therapy for breast cancer patients. Before the HR testing guidelines were published, the threshold for positive HR status was controversial and the test's performance lacked consistency. [26] [27] [28] HER2 test performance has improved since the publication of the guidelines, 29 but there are still limited data on the influence of HR status on trastuzumab treatment benefits in HER2-positive MBC. In the current study, we retrospectively investigated the relationship of HR and HER2 status with trastuzumab treatment and its effect on outcomes of patients with MBC across multiple cancer centers in People's Republic of China.
Patients and methods Patients
This retrospective study was conducted at six cancer centers across People's Republic of China, which included Beijing Shijitan Hospital, Liaoning Cancer Hospital and Institute, China-Japan Friendship Hospital, Shandong Cancer Hospital, the First Affiliated Hospital of Nanjing Medical University, and Jiangsu Cancer Hospital. Patients who met all the following criteria were included in the study: 1) a pathological diagnosis of adenocarcinoma of the breast; 2) at least 18 years of age; 3) immunohistochemical staining showed 3+ intensity for the HER2 protein (.30% of invasive tumor cells with intense membrane staining) or amplification of the HER2 gene on fluorescence in situ hybridization (ratio of HER2 to chromosome 17 centromere $2.0); 29 4) pathologically and/or radiologically proven metastatic disease. Patients who met the criteria above but with one of the following conditions were excluded: 1) lack of definite ER and PR status; 2) received prior systemic therapy for metastatic disease; 3) received ,2 cycles of chemotherapy as the first-line chemotherapy without computed tomography scan; 4) incomplete medical records and follow-up data; 5) other primary tumors.
Institutional review board approval was obtained from the Ethics Committee of Beijing Shijitan Hospital for our analyses, and the study was performed according to the Declaration of Helsinki.
Therapeutic regimen
The patients received trastuzumab at a loading dose of 8 mg/kg of body weight, followed by 6 mg/kg of body weight every 3 weeks, or a loading dose of 4 mg/kg of body weight, followed by 2 mg/kg of body weight weekly, either by itself or concurrent with chemotherapy.
Data collection
Individual patient data regarding baseline characteristics, histopathologic results at surgery, prior chemotherapy and endocrine therapy, first-line regimens, initial number of metastases and metastatic sites, date of disease progression, and death were extracted for this analysis from the electronic medical records at each institution. The follow-up data were collected from electronic medical records or by telephone interviews. The primary tumor was staged according to the seventh edition of the American Joint Committee on Cancer tumor-node-metastasis (TNM) classification. 30 Positive HR status was defined as staining of 1% or more of either the ER or PR expression on immunohistochemical analysis.
Follow-up study
Median follow-up duration was calculated as the median observation time for the patients. The primary endpoint of the study was overall survival (OS) and the secondary endpoint was progression-free survival (PFS). OS was calculated from the first date of relapse (local, regional, or distant) to the date of death from any cause or the date of the last follow-up. 
Results
Patient demographic and baseline characteristics
The study flowchart is shown in Figure 1 . Nine hundred and thirty-two patients were diagnosed with MBC at the six participating hospitals between January 1, 2009 and June 1, 2014. Four hundred and eleven (44.1%) of them were positive for HER2 expression but 116 patients were excluded because 
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Wang et al of unclear HR status (n=7), the presence of other primary tumor (n=1), prior palliative treatment (n=80), ,2 cycles of treatment (n=19), or incomplete medical records (n=9). Consequently, 295 patients were included in the final analysis. Their demographic and baseline characteristics are shown in Table 1 . Their median age was 52 (range 26-80) years and slightly more than half (52.5%) of them were premenopausal. Additionally, approximately half (50.8%) of them were HR positive. Immunohistochemical staining showed 3+ intensity for the HER2 protein in 206 (69.8%) patients. Approximately half of the women (52.5%) received trastuzumab therapy and the median cycle of first-line trastuzumab-based therapy was Figure 2C ).
PFs
Two hundred and thirty-eight (80.7%) patients showed disease progression. The median PFS for all women was 10 months (95% CI: 9.200-10.800) ( Figure 3A) . The addition of trastuzumab therapy in HER2+/HR-women resulted in significantly longer PFS (median 11 months; 95% CI: 9.363-12.637 vs no trastuzumab therapy: median 6 months; 95% CI: 4.524-7.476) (P=0.000) ( Figure 3B ). Significant difference in PFS was also observed between HER2+/HR+ women receiving trastuzumab therapy (median 13 months; 95% CI: 8.676-17.324) and those not receiving trastuzumab therapy (median 10 months; 95% CI: 8.585-11.415) (P=0.001) ( Figure 3C ).
Univariate and multivariate analysis
Univariate analyses showing a trend of association for survival were entered into the Cox proportion hazard regression model, which showed that positive HR status (hazard 
P=0
.000) were associated with statistically significant reduction in death risks for HER2+/HR-women (Table 4) . Furthermore, multivariate analysis showed that positive HR status (hazard ratio: 0.641, 95% CI: 0.477-0.860, P=0.003), non-visceral metastasis (hazard ratio: 0.702, 95% CI: 0.538-0.916, P=0.009), and trastuzumab therapy (hazard ratio: 0.463, 95% CI: 0.350-0.611, P=0.000) were independent predictors of PFS of MBC patients (Table 5 ) and trastuzumab therapy was associated with more significant reduction in recurrence risks for HER2+/HR-women (adjusted hazard ratio: 0.369, 95% CI: 0.245-0.557, P=0.000) ( Table 6 ). 
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Discussion
Growing evidence indicated that the response to targeted therapy and the prognostic impact of pathologic complete response (pCR) after anti-HER2-targeted therapy depended on HR status. In neoadjuvant settings, data from a retrospective study showed that the combination of trastuzumab and chemotherapy gained different clinical outcomes in HER2-positive breast cancer according to HR status, and the pCR rates were 1.5-to 2-fold lower in ER-positive than in ERnegative patients. 31 More recently, data from other clinical trials such as NeoSphere, 32 NeoALTTO, 33 GeparQuinto, 34 NOAH, 35 ACOSOG Z1041, 36 and TBCRC 006 37 further confirmed these findings, showing that pCR rates were lower in HER2+/HR+ patients, regardless of the type of anti-HER2 treatment. Moreover, a multicenter retrospective study also revealed that HR status as an independent predictor of pCR and trastuzumab therapy resulted in a smaller benefit in recurrence-free survival in HER2+/HR+ patients than in HER2+/HR-patients. 38 Similar data were also reported in the adjuvant setting. Data from a study on HR status and the benefit of trastuzumab among MBC patients showed that high expression of ER ($30% of tumor cells) was associated with reduced responsiveness to trastuzumab plus chemotherapy, and when endocrine therapy was added to the regimen of patients with ER higher expression tumors, significant PFS benefits were seen. 39 These results suggest that the treatment strategy for HER2-positive breast cancer may be stratified by HR status.
Contrary to the situation in early breast cancer, data on the influence of HR status on trastuzumab treatment benefits in advanced HER2-positive breast cancer are limited. In our study, we evaluated the impact of HR status on the clinical outcome of trastuzumab therapy for Chinese MBC patients. Our data showed that trastuzumab administration resulted in a markedly longer OS with a 9 month increase in median OS in HER2+/HR-women compared with HER2+/ HR-women who did not receive trastuzumab therapy. This survival benefit, however, was not observed in HER2+/HR+ women. This finding is similar to previous findings from early stage and MBC patients. 40, 41 Multivariate analysis further showed that HR status was an independent predictor of OS of Chinese HER2-positive MBC patients and negative HR status was associated with statistically significant reduction in risk of death when treated with trastuzumab (hazard ratio: 0.330, 95% CI: 0.195-0.556, P=0.000). In our study, HR status was also an independent predictor of PFS of MBC patients, and HER2+/HR-women had more significant reduction in progression risk. These findings suggest that HR status modulates HER2-positive MBC patient response to trastuzumab and HR status may be used to stratify MBC patients for trastuzumab therapy. Our findings partially disagreed with the retrospective study by Brufsky et al 42 who analyzed MBC patients enrolled in three clinical trials and found that the addition of trastuzumab therapy to chemotherapy significantly improved prognosis of patients with HER2-positive metastatic diseases. However, they observed no significant clinical benefit difference among HR-positive and HR-negative diseases. 42 It must be noted, however, that there were some limitations in their study, such as the testing of HR status was performed in local laboratories and with potential variation. Considering the relatively lower pCR rate and smaller prognostic impact in HER2+/HR+ patients, we might reconsider less cell toxicity drugs or hormonal therapy combined with anti-HER2 agents in this subset of population. However, in HER2+/HR-patients, chemotherapy-related toxicity therapy combined with anti-HER2 agents remain the optimal treatment.
Resistance to anti-HER2 therapy is an ongoing topic for investigation. 43, 44 Emerging data suggested that the bidirectional cross-talk between the HER2 and HR pathways is not only involved in endocrine resistance, but also in anti-HER2 agent resistance. Wang et al showed that, following trastuzumab and lapatinib treatment, the ER activity upregulated or dynamically transitioned and functioned as the key escape/survival pathway and led to reduced sensitivity to anti-HER2 therapy. 44 Another recent preclinical study on the cross-talks between HER2 and HR pathways showed that co-expression of ER led to increased ER transcriptional activity and survivin expression, which was correlated with unfavorable response to treatment. 45 Moreover, recent studies also showed that the cross-talks between phosphoinositide 3-kinase (PI3K) and the ER pathway might influence the targeted therapy efficacy.
46 PI3K mutation predicts a significant lower response with HER2+/HR+ cohort. Patients with HER2+/HR+ tumors might be tested for PI3K mutation status, although alternative treatment options are lacking yet, but might become available in the near future. These findings partly support the clinical benefits of trastuzumab therapy in HER2+/HR-breast cancer patients and imply that dual inhibition of both HER2 and ER achieves better responsiveness in HER2+/HR+ breast cancer patients.
The systematic treatment of HER2-positive patients enrolled in our study mostly depended on primary tumor characteristics; less than 20% of the patients received trastuzumab therapy guided by biopsy data on metastatic lesions. The conversion rate of receptor status has been reported to 
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Wang et al range from 10.3% to 16%, 30% to 40%, and 5.2% to 24% for ER, PR, and HER2, respectively. [47] [48] [49] [50] Recent consensus for MBC recommends biopsy of metastatic lesions to re-test HER2 and HR status. 51 However, the impact of receptor conversion on clinical outcome remains unclear; in a pooled analysis, only a minority of patients (14%) changed management strategy after biopsy of metastatic lesions. 52 Thus, prospective studies are required to further confirm the predictive value of the effectiveness and survival improvement based on biopsy results from metastatic lesions. Our study also has some other limitations owing to the multiple centers and retrospective nature of the study design. For example, among HER2-positive patients who received trastuzumab therapy, the duration of trastuzumab as a first-line treatment and continuation after progression varied according to economic conditions and physical performance, which might have partly impacted the results.
In People's Republic of China, a significant percentage of the HER2-positive breast cancer patients do not receive trastuzumab therapy because of drug availability and cost issues. From our data, we speculate that there is a sizable group of patients who may benefit less from the current "standard" trastuzumab and chemotherapy treatment than the rest of the patients. One of these groups is those with small tumors and high expression of both hormonal receptors in the adjuvant setting and therefore less or no chemotherapy with HER2 therapy can be considered as an option. 53 On the other hand, the patients with metastatic HER2+/HR-breast cancer should be more strongly recommended to consider trastuzumab-based therapy with chemotherapy than the HER2+/HR+ group, despite the cost issues.
Conclusions
In conclusion, our study has demonstrated that HR status is an independent predictor of OS of HER2-positive MBC patients and that trastuzumab therapy significantly improves OS of HER2+/HR-patients. The predictive role of HR status on the survival benefits of anti-HER2 agents would have therapeutic implications and cause stratification by HR status of MBC patients for trastuzumab therapy, which helps to optimize cost effectiveness of trastuzumab-based regimens, especially in Chinese patients where not all people can afford expensive targeted therapy treatment.
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